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A method of selecting handover targets for a communication unit (40) exchanging a communicated signal through a serv- 
ing base site (10-19) in a digital cellular system. The method uses timing advance to determine a relative distance of a communica- 
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communication unit (40) from the modified base site frequency list. 
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DIRECTIONAL HANDOVER CONTROL IN DIGITAL MOBILE 
RADIO SYSTEMS EMPLOYING MAHO 

Field of the Invention 

The field of the invention relates to radio 
communication systems and, in specific, to digital radio 
communication systems. 
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Background of the Invention 



Digital cellular communication systems are known 
1 * fiSj k yStemS are ' tv P ica,| y- comprised of a number of cells 
£Sh tlavmg / a service ^erage area, and a number of cellular 
telephones (communication units) (also sometimes referred 
to hereinafter as mobile stations or MSs). The service 
coverage areas of adjacent cells are typically arranged to 
partially overlap .n such a manner as to provide a 
20 substantially continuous coverage area in which a 

communication unit receiving service from one cell may be 
handed off to an adjacent cell with no interruption in service 
The Groupe Special Mobile (GSM) Pan-European digital cellular 
system, as specified in GSM recommendations available Irom 
tne European Telecommunications Standards Institute (ETSH 
is an example of just such a system. 

ft .ii rt T I le GSM . SyStem iS a TDM/1 "DMA system providing eight 

rJl^l** S T a [ P3thS (8 TDM s,ots Der TDM ^me) on each 
radio channel. A single, primary radio channel assigned to a 

base transceiver station (BTS) located at a base site within a 

cell, by virtue of its being time multiplexed, can support up to 

seven full rate duplex traffic users (speech or data) in 

eigh^TDM s a otT U,tiP,eXed COmm0n contro1 channel witnjn th © 

+ u- ?2?f l ? 9es of pagin 9 and setu P control information 
within GSM between MSs and BTSs typically occurs on the 
common control channel (CCCH) which occupies at least one 
slot of a primary channel of the BTS. Transmitted by the BTS 
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on the CCCH are distinctive identification signals as well as 
synchronization and timing information common to all other 

Mf U to nC dffL an ^ S . ,0tS K 0f the BTS " CCCH information allows an 
5 channels 6n between P rim ary and non-primary 

UP °" actlvation ' an MS scans a pre-programmed 
spectrum in search of CCCH identification signals 
transmitted from nearby BTSs. Upon detecting a CCCH 
identification signal, the communication unit measures a 
1 0 signal quality factor (such as signal strength) of the 

.dent.ficat.on signal as a means of determining relative 
proximity of the BTS. Upon completing the scan of 
frequences within the spectrum, the MS generally selects the 
15 sV^nn r RTQ nS "V*^? relative quality factor as a 

strono 9 «, P ° n ,dentff y in 9' and lockjn 9 onto a suitably 

S?S f gnal ' tne communication unit monitors the selected 
£2 ,n ? om,ng ca,,s - Wni 'e monitoring the serving BTS 

crrM JT ,VeS an ^S 6 "' base site fr <K!"ency list on the' 
2fi th« ol of + th I e I Servmg BTS - 706 set ° f frequencies identifies 
20 the spectral location of primary channels of BTSs, adjacent 

SS-JfTi TS - • Limitatlon of tne set of frequencies to BTSs 
adjacent the serving BTS reduces the time period required to 

va!ue7of BT%l r ^ r t0 3 S6rVing BTS the Signal ~ h 
ok I J2 ? ^ are P resum ably the best handover 
2 5 candidates. Limitation of the set of frequencies to adjacent 

llh « ilnh UCe , S the P° sslbi,itv of handover to a distant BTS 
anomaliel 5,903 Stre " 9th C3USed by Signal P r °Pagation 

th„ M ^ uring n° rn ]al operation (including during active calls), 
30 the MS monitors for, identifies, and measures a received 
signal strength indication (RSSI) of primary channels of 
nearby BTSs. The MS detects and measures the RSSI of nearby 
5q S I reference to the frequency list communicated to the 

35 BTS ^M^ n9 H BTS w U P°" dete ^n of a signal of a nearby 
-st> BTS, the MS also decodes an ID of the nearby BTS 

If involved in an active call, the MS relays measurement 
information back to the base site on an associated signalmT 
channel. Through such a process, it is possible for the MS to 
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maintain an association with the most appropriate 
(proximate) BTS. The process may entail an autonomous 
sw,tch,ng by the MS to a different BTS, causing perhaps a re- 

7J?*TT by the MS With the svstem indicating that such a 
sw.tch has occurred. Alternatively, during an active 

^T^ a !! 0n J XChan9e ' the MS mav be commanded by the 
system to handover to a more appropriate BTS. Handover 
based upon information provided to the BTS by the MS is 
commonly referred to as a mobile assisted handover (MAHO) 
to a tamefa^ m' a a dec * ior \ t0 handoff a communication unit 
L* r<?M ol 3y b3Sed Upon a P° wer budaet expression 
(see GSM Recommendation 5.08). The power budget expression 
provides a method of comparing a path loss between ari MS and 

1 5 KSS Targrce 3 ,,^ ^ «" MS ™* a ><*°°™ 

exce^T^iL^?^ m , ay a,SO be desirab|e when the MS 
exceeds a specified distance from a serving BTS. Handoff may 

be desirable m such case to minimize effective cell size and 
to insure that an MS is served from the nearest BTS Sher 
inH. d H V % ° a y SeS ' 33 s P ecified in GSM recommendation 5.08 

hrpinM^ iQ l reaSOn 0f RXQUA L (high bit-error-rate 

threshold), and handover for reason of RXLEV (down link 
threshold or uplink threshold). 

Where the decision to handoff is based on distance the 
parameter that may be used as an indication o? distance is 

RT^h^ nC6 ' Tlming advance is a Parameter measured by a 
BTS based upon round-trip signal delay of a signal 
transmitted from the serving BTS to the MS and back to the 
3 0 the mq V£ measur ? d ^lue is then used to adjust the timing of 
rtq J ?u SU it that trans ™ssions from an MS arrive at a 
BTS within the TDM slot assigned to the MS 

nrnhiom!"' 6 Pri0r art handover algorithm has worked well 
ES? ♦ f ♦ ay be ex P er,enc e d «n target selection. Under GSM 
35 b^heMr 9 ^ a ? , determined from RSS. values measured' 

BTS^ aHiaA °" ^ ^ ar * ^ited to 

BTSs adjacent the serving BTS (as determined by the 
frequency list communicated to the MS). If handover is 
deferred because a target BTS is operating at capacity, then 
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the MS may move past adjacent BTSs into the service areas of 
non-adjacent BTSs. As the MS continues to receive service 
through the original serving BTS the MS may not detect nearby 
non-adjacent BTSs (as in the case of a fast mobile moving 
5 through micro cells). If the MS moves too far from the 

serving BTS before a channel becomes available in an adjacent 
BTS then the MS may be dropped. Even if not dropped, an MS 
operating relatively far from a serving BTS. presumably at 
full power, may create a source of interference sufficient to 

1 0 cause dropped calls in the case of other MSs. 

When a channel becomes available in a target BTS 
(adjacent the original serving BTS) a handover may take place 
to the target BTS. At that time, a new frequency list may be 
transferred to the MS. The MS may now measure an RSSI value 

15 of a target BTS adjacent the new serving BTS, and a further 
handover may take place that finally places the MS in the 
most proximate cell. The result of all of this handover 
activity is a ratcheting of the MS from one cell to another; 
from the original serving BTS, to an adjacent BTS, to a 

20 proximate BTS. Ratcheting not only consumes valuable 
control resources of a communication system but also 
reduces the availability of traffic channels as intermediate 
BTSs alternately reserve, and then release, traffic channels 
as the MS ratchets to a proximate BTS. 

25 Ratcheting may also occur as a result of signal 

anomalies where obstructions or other local signal 
propagation characteristics cause a MS to pass through 
adjacent BTS service areas without handover. Because of the 
problem associated with ratcheting, a need exists for a better 

30 method of identifying proximate BTSs by MSs. 
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Summary of the Invention 

A method of selecting handover targets for a 
communication unit exchanging a communicated signal 
through a serving base site in a digital cellular system The 
method comprising the steps of comparing a timing advance 
value with a first threshold, and, when the timing advance 
value exceeds the first threshold, modifying a base site 
frequency list to include base sites non-adjacent the serving 
base site. The method further includes the step of selecting a 
handover target providing a highest relative RSSI value to the 
communication unit from the modified base site frequency 



Brief Description of the Drawing 

20 W c^^ F,G ", 1 ^ depiCtS a cellu,ar ra d'otelephone communication 
system including a number of cells and a communication unit 
according to the invention. 

25 S t a ti O n F »n; a LS 0rT l PriS ! S 3 b,0ck dia 9 ram of a base transceiver 
2 5 station located at a base site under the invention. 

FIG. 3 comprises a block diagram of a communication 
unit, according to the invention. 
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FIG. 4 depicts a communication unit passing out of a 
serving cell into an adjacent cell, in accordance with the 
invention. 



35 Detailed Description of the Preferred Embodiment 

The solution to the problem of identifying nearby base 
sites lies, conceptually, in dynamically modifying the list of 
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base site frequencies transmitted from a serving base site to 
a communication unit, about to be transferred, based upon 
directionality and timing advance. Directionality in a 
sectored cell may be established by a sector ID 
Directionality in an omnidirectional cell may be established 
through an interactive process by first transmitting a list of 
frequencies containing BTSs in representative locations and 
then updating the list of frequencies based on the ID of the 

1 0 va?uTto n t^e V MS baSe ^ pr0vlding a nlgher re,a t''ve RSSI 

Shown in FIG. 1 is a communication system (100) 
generally, under the invention. Included with the 
communication system (100) are a number of service 
15 coverage areas (10-19), each containing a base site (20-29) 

m ^ Y bS central, y located wi thin the coverage area (10- 
19). Communication services within such a system (100) are 
typically available within service coverage areas (10-19) 
from a BTS located at each of the base sites (20-29) 
/*m • Wn l 1 RGL 2 ' 9 enera,, y. « a block diagram of a BTS 
dto f ccordance with the invention. Included within the 
BTS (30) is a resource controller (31), and transceivers (32- 

„ . * BTS ( 3 °)« iocated at a base site (26) (hereinafter 
25 referred to as "BTS 26"), is constructed to transmit 

identification and timing signals on a control resource (slot 
oT5 S /?« n o^ ,,y P rovided under GSM recommendations. Each 
SI ( * ransmits a ««t of base site frequencies, to 

30 BTlfL n «Tc r oS Ur + P0SeS ° f RSSI meas ^ement of adjacent 
rTI« lnt B ? 26 transmits a «ist of primary frequencies of 
BTSs 20-25) also as provided under GSM 

urfth «? h ° Wn 'I F,G ' 3 iS a " MS (40) ' 9 enera,| y. in accordance 
with the invention. Included within the MS (40) is a 

controller (41) and associated memory (42), a transceiver 
ao (43), and a signal measurement device (44) 

Hnm ,na <*'ve MSs (40) within the communication system 
(100) are constructed to monitor a proximate BTS (20-29) and 
measure RSSI values of BTSs (20-29) identified to the MS by 
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to^ O MS O Mm B h TS th (20 ' 29) ' 8386 Site fre <^cies identified 
to the MS (40) by the proximate BTS (20-29) are stored 
within the memory (42) for subsequent RSS m^su°ement 
During the inactive state the MS (40) seiects th?TO (^29) 

BTS V, % n 0-2Sr. hi9heSt RSSI Va ' Ue 33 

th* ^ CaM r ® qu ? sts ' cail set " u P» and call maintenance within 

gIm m nT mCat, ° n S ? Stem (100) are hand,ed ^ prodded by 
GSM. During an active call the base site frequency list is 

communicated to an active MS (40) on an assWa^d s gnalina 

RSsT!!/ 6 ' 9 ' VE" associated s'Snaling channel Ts^C?hT 9 
RSSI values and IDs of as many as six BTSs (20-29) are 
returned to a serving BTS (20-29), also, on the SACCH 
rha n P 3 " set " u P an M S (40) is assigned to a traffic 

tn 6 " r thin a TDM s,ot < 1 " 7 > on a primary channel or 
m!in£ ^ eco " darv ^annel). The signal from MS (40) is 
maintained within the slot by a timing advance value 
transmitted to the MS (40) by the serving BTS (e.g 26) 

The content of the base site frequency list in 
atao°ri^ invention. is Seated ""der a suitable 

3"l m ftf " d f ° ne embodim ent of the invention the 

Site fre ^ enCy hSt are indent upon 
T Ji £ I 3 c , om P ar,son of the timing advance value with 
a set of timing advance threshold values 

ho m J nder S V° h T embodim ent a first threshold value may 
£ T^? e f QUa J t0 the timin 9 advance v alue of an MS (40) 

he radiul lit?™ ^ SerVlng BTS ^ times 

oHLn^l ? the , Servm9 ceH (1(M9 >- Wn e r e the timing 

30 Te a ll/tr^nU S t' eSS , than the firSt thresno,d ' the s *™ 9 g BTS 
JU . (e ?- 26 ) transmits a first set of base site freaueneiec 

including BTSs (20-25) adjacent the serving BTS (26? Where 
the timing advance value exceeds the first threshold ' the^ base 
site frequency list is adjusted, in accordance with the 
3 5 lists" nli 0 mC,U 2 e non - ad i acen t BTSs. Different frequency 
hr^hoil t ', may be 9 enerated based upon a series of * 
ser^ng BTS representin 9 dis *ance, and direction, from 
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By way of example, MS 40 requests access to and is 
granted a TCH through BTS 26. The base site frequency list 
communicated to the MS (40) includes BTSs (20-25) As a 
communicated signal is exchanged by the MS (40) through the 

mTp^ B I? ( l 6) the MS (40) ma * move int0 an adjacent cell 
(14, hg. 4) and now be closer to a BTS (24). The MS (40) 

during such move continues to transmit RSSI values to the 

serving BTS (26). Upon entering the adjacent cell (14) the 

RSSI value from BTS 24 may indicate the need for a handover 

from the original serving BTS (26) to the adjacent BTS (24) 

If a TCH is available at BTS (24) the original serving BTS (26) 

SSI" 1 ? C ^ ntr °' information to the MS (40) causing the MS 
(40) to handover to the adjacent BTS (24). 

♦h- J mI CH is not availab,e at the adjacent BTS (24) then 
u ( ' continues to move across the adjacent cell (14) 
exchanging a communicated signal through the original 
serving BTS (26). As the MS (40) continues to move away 
from the serving BTS (26), the timing advance value is 
increased, by the original serving BTS (26) to accommodate 
,ol mC A ea !? d ^ ge between the MS (40) and the serving BTS 

rtq J? S (4 u 0) paSS9S the first threshold, the serving 

Brb (26) modifies the base site frequency list. Upon 
determining that the MS (40) has passed the first threshold 

^c? erV ! nS B 1 S (26) now de termines, based upon relative ' 
RSSI values, that the MS (40) is now proximate to BTS 24 
Based upon such proximity, the serving BTS (26) now 
transmits a modified base site frequency list that includes 
tte proximate BTS (24) and BTSs (25, 23, 28, 27, and 29) that 
are adjacent the proximate BTS (24). 

., /^f th ®, ^5 (40) contir >ues to move across the adjacent 
cell (14) and RSSI values from BTS (24) continues to provide 
the highest relative value the serving BTS (26) will continue 
to seek handover to the proximate BTS (24). If, on the other 
nand, the RSSI value of a non-adjacent BTS (27) should 
provide a higher relative value than the other BTSs (24 25 
23, 28, 27, and 29) within the base site frequency list then 

BTS S (27) n9 (26) W ° U,d Seek hand0ver t0 the "adjacent 
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If, after entering the adjacent cell (14), the MS (40) 
should then proceed to enter adjacent cell (15) then the 
serving BTS (26) would detect such movement by relative 
RSSI values In the case where RSSI values from BTSs 24 and 
25 were substantially equal, the serving BTS (26) would 
alternately seek handover to either of the adjacent BTSs (24 
ST r * ' f u tn ® tlming advance va, ue in such case should exceed 
J? S l th L esno,d tnen the serving BTS (26) would add non- 
adjacent BTS 29 to the base site frequency list. 

In another embodiment of the invention, timing advance 
may be used to reduce interference by precluding handover in 
circumstances involving a MS (40) located on an elevated 
structure (e.g. a hill, high-rise building, or bridge which 
1 c S?o • an advan tageous position to see many, or all, of the 

SI ii n ,!Sf tom ™ 0) - ,n the case of an elevated structure, 
the MS (40) receiving service from a serving BTS (26) may be 
situated in a line-of-site position to an adjacent BTS (24) and 
measure a relatively high RSSI value even though the MS (40) 
is located within the serving cell (16) and closer to the 
serving BTS (26) than the adjacent BTS (24). Moreover 
oecause of local reuse conditions, a handover of an MS (40) on 
f20-22 V ) ated StmCtUre may be a source of interference to BTSs 

In the case of elevated structures within a cell (10-19) 
a minimum distance threshold may be established The 
minimum distance threshold may be a timing advance value 
equal to a cell radius. Under such an embodiment, handover is 
deferred until a serving BTS (26) determines that the 
minimum distance threshold has been exceeded 
30 Note that it may be possible (under unusual RF 

propagation conditions) for the highest signal strength that 
the MS (40) sees to indicate a different BTS than the 
?nn X 'Tu ate . BTSl ,f tnese conditions are possible in system 
100, then it is advantageous to use timing advance plus the 
too strongest adjacent BTSs to determine the new frequency 
list, etc In the case where the two strongest adjacent BTSs 
cannot be correlated to the same direction from the serving 
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cell, the new frequency list will revert to the original list of 
adjacent cells in an effort to determine a new directionality. 
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Claims 
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1. A method of selecting handover targets for a 

5 communication unit exchanging a communicated signal 

!! r ^ 9 i 3 Servln9 base site in a di 9 ital ce,,u,ar system, such 
method comprising the steps of: 

A) comparing a timing advance value with a first 
threshold; 

1 ° *u u B L when the timing advance value exceeds the first 
threshold, modifying a base site frequency list to include 
base sites non-adjacent the serving base site; and, 

, x- C L« se,ectin 9 a handover target providing a highest 
re,a j' ve R SSI value to the communication unit from the 
5 modified base site frequency list. 

2. The method as in claim 1 further comprising the step of 
communicating the modified base site frequency list to the 
communication unit. 

3. The method as in claim 1 further comprising the step of 
measuring RSSI values of the modified base site frequency 
list by the communication unit. 

4. The method as in claim 1 further comprising the steo of 
communicating the measured RSSI values to the serving base 

, n The m <*riod as in claim 1 further comprising the step of 

3 0 handing over to the selected handover target. 

6. An apparatus for selecting handover targets for a 
communication unit exchanging a communicated signal 
through a serving base site in a digital cellular system, such 
3 5 apparatus comprising: 

A) means for comparing a timing advance value with 
a first threshold; 
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• . -, B l- means for modifying a base site frequency list to 
include base sites non-adjacent the serving base site; and 
u- u ? , means for selecting a handover target providing a 
highest relative RSSI value to the communication unit from 
the modified base site frequency list. 

7. The apparatus as in claim 6 further comprising means 
for communicating the modified base site frequency list to 
the communication unit. 

8. The apparatus as in claim 6 further comprising means 
or measuring RSSI values of the modified base site frequency 
list by the communication unit. 

1 5 9. The apparatus as in claim 6 further comprising means 
for communicating the measured RSSI values to the serving 

D3S6 site. 

on l°\ T l!® ap P aratus as in c| aim 6 further comprising means 
<*o for handing over to the selected handover target. 
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